The role of regional skin temperatures in thermoregulatory control during heat stress by Cotter, James David
University of Wollongong 
Research Online 
University of Wollongong Thesis Collection 
1954-2016 University of Wollongong Thesis Collections 
1997 
The role of regional skin temperatures in thermoregulatory control during 
heat stress 
James David Cotter 
University of Wollongong 
Follow this and additional works at: https://ro.uow.edu.au/theses 
University of Wollongong 
Copyright Warning 
You may print or download ONE copy of this document for the purpose of your own research or study. The University 
does not authorise you to copy, communicate or otherwise make available electronically to any other person any 
copyright material contained on this site. 
You are reminded of the following: This work is copyright. Apart from any use permitted under the Copyright Act 
1968, no part of this work may be reproduced by any process, nor may any other exclusive right be exercised, 
without the permission of the author. Copyright owners are entitled to take legal action against persons who infringe 
their copyright. A reproduction of material that is protected by copyright may be a copyright infringement. A court 
may impose penalties and award damages in relation to offences and infringements relating to copyright material. 
Higher penalties may apply, and higher damages may be awarded, for offences and infringements involving the 
conversion of material into digital or electronic form. 
Unless otherwise indicated, the views expressed in this thesis are those of the author and do not necessarily 
represent the views of the University of Wollongong. 
Recommended Citation 
Cotter, James David, The role of regional skin temperatures in thermoregulatory control during heat 
stress, Doctor of Philosophy thesis, Department of Biomedical Science, University of Wollongong, 1997. 
https://ro.uow.edu.au/theses/1099 
Research Online is the open access institutional repository for the University of Wollongong. For further information 
contact the UOW Library: research-pubs@uow.edu.au 

THE ROLE OF REGIONAL SKIN TEMPERATURES 
IN THERMOREGULATORY CONTROL 
DURING HEAT STRESS 
A thesis submitted in fulfilment of the 
requirements for the award of the degree 
DOCTOR OF PHILOSOPHY 
from 
UNIVERSITY OF WOLLONGONG 
by 





A special thank you to m y wife, Kate, and m y supervisor, Dr Nigel Taylor. 
Their support was in very different capacities, although their patience and 
understanding is much appreciated. Thanks to M u m and Dad, Brendan and Chota, 
and our families for accepting m y relative absence during their visits to Australia. 
The technical assistance of Mr Amo Reiners and Mr Mark Andrews is also 
appreciated, as is the scientific expertise and willingness of Professor Len Storlien, 
Dr Julie Steele and Dr Paul Webb. 
Thanks to Mark Patterson, Brad Wilsmore, Annarieke Zeyl, Ellis Kieser and 
Olivier deHohn for their assistance. 
Finally, I am very grateful to the subjects, for giving so much of their own 
time to spend in relative discomfort on the bike and the rack. 
iii 
ABSTRACT 
H u m a n skin has afferent and efferent roles in thermoregulation, but neither is 
fully determined. This project examined regional sudomotor (sweat) power, then 
used mainly the sudomotor mechanism to examine regional cutaneous 
thermosensitivities. 
Regional sudomotor power was examined during cycling in the heat (N=$). 
Despite large inter-individual variability, sweat rates (rhsw: ventilated capsules) 
elicited from the forehead and dorsal hand were higher than from other sampled 
regions (p<0.05), which was also consistent with the pattern of skin blood flow in 
upper-body regions during supine, thermoneutral rest (N=6; p<0.05). Inter-regional 
and inter-individual rhsw variability was unaffected (p>0.05) by a 5-day heat 
acclimation regimen, as was the distribution of sweating. 
A technique was then evaluated for clamping mean skin (Tsk: 15 sites) and 
deep body (Tc: 3 sites) temperatures, for up to 3 hr, whilst manipulating the local 
skin temperature (Tskl) of discrete regions (274 cm
2). Mean body temperature (Tb = 
0.8*TC + 0.2*Tsk) was clamped for individual Tskl manipulations (within ±0.05°C) 
and for 3 hr (+0.09°C). Local muscle temperature was little affected (up to 
+ 1.05°C at 3 cm). It was then possible to investigate cutaneous thermosensitivities 
in sudomotor control. Tsld was increased or decreased by 4.07°C (at. 10 min) from 
36.28 ±0.08°C, or decreased from 40.36±0.43°C to 29.45±0.19°C (at 4 min), for 
each of ten regions: face, arm, forearm, hand, chest, abdomen, back, thigh, leg and 
foot (N=13). The m s w was sensitive to the rate of Tsk] change for cooling, but only to 
the displacement of Tskl for warming. The m s w responses were greatest within 
treatment patches (p<0.05), and at precisely contralateral sites (4-min cooling only; 
p<0.05), but were otherwise bilaterally equivalent (p>0.05). The findings support a 
dominant role by one thermal integrator, but also a possible spinal mediation. The 
regional nature of cutaneous thermosensitivity, heretofor undetermined, was 
examined using regional groupings (segments). Inter-segmental sensitivities were 
equivalent (p>0.05), with three clear exceptions. Firstly, facial sensitivity was high, 
for both rhsw and whole-body thermal discomfort. Secondly, warmth sensitivity was 
equivalently high for the face and torso, compared with limbs (msw only; p<0.05). 
Thirdly, local warm sensation sensitivities were equivalently high for the face and 
limb extremities, being higher than the torso or proximal limbs (p<0.05), yet the 
limb extremities often ranked as the least sensitive segment for influencing whole-
body thermal discomfort and sweating. 
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